Our efforts were focused on improving thermal stability of polyethylene (PE) and polypropylene (PP) through incorporation of new organically modified montmorillonite.The reactive organofilic montmorillonite (MMT-EA) was prepared by exchanging the interlayer inorganic cations in montmorillonite by a large excess of ethyl 2-aminobenzoate (EA). Organic modification can affect not only microstructures, but also the properties of the polymer -montmorillonite nanocomposites. In the next step, novel polyolefins/ organoclay nanocomposites were prepared by melt intercalation process. In order to obtain this new family of materials and enhance their properties very low filler level, from 1.5 to 5 wt.% was used.The dispersion of the montmorillonite layers in the polymers was characterized by using X-ray diffraction (XRD). The thermal properties and structure changes were studied by different scanning calorimetry (DSC) and thermogravimetric analysis (TGA). Further studies indicated that the exfoliated clay modified with EA improved thermal stability of the PE and PP/ MMT-EA nanocomposites.
INTRODUCTION
In recent years polymer/clay nanocomposites have stimulated the revival of great interest in these materials: both in industry and in academia, because they often exhibit remarkable improvement of thermal stability and fire resistance in comparison with virgin polymers.
Nanocomposites are the materials commonly based on polymer matrices reinforced by nanofillers [4] . The most popular nanofillers are silica-titania oxides, precipitated silica, cellulosed whiskers, zeolites and many others [7, 6, 10] . Polymer/clay nanocomposites consist of filler in polymerized medium [9] . The preparation of nanocomposites requires extensive delamination of the layered clay structure and complete dispersion throughout the polymer matrix. Materials such as polyethylene and polypropylene with low surface energy only weakly interact with mineral surfaces, making the obtaining of polyolefin nanocomposites by melt compounding considerably more difficult [5] . Dispersing hydrophilic nanofillers in hydrophobic polymer is not easy. For this reason, it is necessary to use compatibilizing agents, which allow to disperse clay in polymer. The most popular are alkyloammonium ions because they can be exchanged easily with ions situated between the layers. The other ones are amino acids and silanes.
The most recent method used to prepare polymer-clay nanocomposites is melt intercalation of polymer into a few percent of organoclay. Two types of structures are the most popular, namely intercalated nanocomposites where the polymer chains are sandwiched in between layers of organoclay and exfoliated nanocomposites where the separated, individual layers are more or less uniformly dispersed in the polymer matrix. This new family of materials exhibits enhanced properties at very low filler level, usually less than 5 wt.% [1] .
Nanocomposites are notable for their improved thermal stability and flame retardation. The successful development of nylon 6/nanoclay composites and their use in demanding applications has stimulated many research groups who have attempted to produce analogous materials [2] .
The objective of this work was to characterize the influence of new modified montmorillonite on thermal stability of polyethylene and polypropylene. The extent of this influence was determined by comparison of nanocomposites to virgin polyolefins.
EXPERIMENTS Materials
The ethyl 2-aminobenzoate (bp 268 o C) used as compatibilizing agent was purchased from Sigma-Aldrich. Hydrochloric acid and ethanol used in modification process were supplied by POCH (Poland). The montmorillonite used in this study as a nanofiller was provided by the Riedel-de Haen. Polyolefins (PE and PP) were delivered by BA-SELL -ORLEN POLYOLEFINS (Plock, Poland).
Preparation of montmorillonite modified with ethyl 2-aminobenzoate
The reactive organofilic montmorillonite was prepared by exchanging the interlayer inorganic cations of natural montmorillonite by a large excess of ethyl 2-aminobenzoate. In aim to obtain cations surfactant was dissolved in water and protonated with HCl at 80 o C. Then montmorillonite powder dispersed in a mixture of water/ethanol was slowly added into a solution of pre-dissolved stoichiometric amount of surfactant. The reaction was conducted for about 3 h. Modified MMT was filtered and washed with water in order to remove residue of amine until no chloride ions were detected by AgNO 3 solution. The initial ratio amine/clay and HCl/ ethyl 2-aminobenzoate were 2 mmol/g and 2 molar ratio respectively. Modified MMT has changed the color from fair ecru to intensive pink.
Preparation of the nanocomposites
The nanocomposites were prepared by melt intercalation process, in which polymer incorporates itself into the interlayer space of organoclay (1.5, 3 and 5%wt). Polymer-and organic-treated layered montmorillonite were charged into a mini-extruder.
Material characterization
Elementary analysis of the modified montmorillonite for the determination of C and N were carried out with Vario MACRO CHN Elementary Analyzer (Analysensysteme, Germany).
XRD method was used to identify intercalated structures. The angle X-ray diffraction (XRD) patterns were recorded on a X'Pert Philips diffractometer using CuK alfa radiation. The experiments were performed in a range of 2θ =1-11 o where divergence slit size was 0.125 o and scan step time 25 s. The basal spacing of the montmorillonite layer, d, was calculated using the Bragg's equation, λ =2d sinθ.
The DSC analyses were conducted on a Polymer Laboratories, Epson, GB differential scanning calorimeter under the protection of N 2 with a flow rate about 15ml/min. All runs were carried out with a sample consisting of approximately 4-10 mg of nanocomposites. They were carefully put into the aluminium pan, empty aluminium pan was used as reference. The heating and cooling rate was 10 o C/min. Thermogravimetric analysis (TGA) was used for investigating physical changes in nanocomposites. TA Instruments, SPT 2960 Simultaneous DSC-TGA was used for studying thermal behaviors of the obtained nanocomposites. TGA traces were monitored from room temperature to 600 o C with a 10 o C/min under air and nitrogen flow.
RESULTS AND DISCUSSION

Elementary analysis
The actual content of organic salt incorporated into the clay during modification process was determined based on the elementary analysis. In order to determine this the quantity of C and N was checked in a few treated clay and neat MMT. The quantity of the absorbed compatiblizer by 1g of montmorillonite and percentage consumption of EA were determined. The results of this analysis and calculation are presented in Table 1 . It can be deduced that the consumption of salt was about 37% which indicates that EA penetrates interlayer space of a nanofiller.
XRD analysis
X-RD was used to observe the changes in the interlayer distances of the pristine clay and MMT-EA. Figure 1 depicts the small angle X-ray diffraction patterns of both modified (MMT-EA) and unmodified (MMT) montmorillonite clays. The X-ray diffractogram of the modified clay revealed a shift in the position of (d 001) planes corresponding to an increase of the basal spacing of the clays by exchange of interlayer cations with EA cations. The peak value of 2 theta for MMT-EA was 5.3 o , which was smaller than that of the pristine clay (6.2 o ). The basal spacing on MMT moves from 1.42 nm to 1.66 nm for the modified clay and confirms the occurrence of salt molecule intercalation between montmorillonite clay layers. These clay was then used to prepare polyolefinsclay nanocomposites by melt blending.
In an attempt to evaluate whether the nanocomposite structure was formed or not, the dispersion of MMT-EA clay in the polyolefins matrix was analyzed by XRD.
The XRD patterns for the organoclays and PE/clay composites containing from 1.5 to 5 wt% of the MMT-EA are shown in Figure 2a while Figure 2b provides similar information for polypropylene-based composites.
Good compatibility between the modified clay and polymer matrixes can be observed for composites containing 1.5 wt% of nanofiller. The characteristic peak disappeared which suggests that the exfoliated nanocomposites were formed.
As shown in Figure 2a and Figure 2b , the XRD patterns of the other nanocomposites reveal small broad diffraction peak between 2 theta values of 5 o and 7 o when the clay content was increased above 1.5 wt%. Substantial reduction in the intensity of the diffraction peak derived from the interlayer spacing of the clay allows to assume that almost complete exfoliation of the MMT layers took place and nanocomposite structure was obtained. The width of the peak indicates that there may be an immiscible com- We also note in Figure 2a that the small peak for 3 wt% and 5 wt% nanocomposites is larger in comparison with that of MMT-EA clay. For this reason it can be deduced that some organic material was extracted from the MMT-EA interlayers during melt mixing. The same phenomenon is clearly seen in Figure 2b , for PP nanocomposites.
Thermal properties
DSC analysis has been carried out to study the glass transition and melting temperature of the PE/MMT-EA and PP/MMT-EA nanocomposites. The T g of the PE/MMT-EA nanocomposites was decreased remarkable as the MMT-EA content increased (Table 2 ). This is clearly caused by a strong interaction between MMT-EA and PE, which limits the cooperative motions of the PE main chain segments [6] . This decrease may be attributed to higher interfacial area and adhesion between the matrix and exfoliated clay, which would act to reduce the mobility of crystallizable chain segments [5] . The DSC thermograms for pure polyethylene and its nanocomposites have shown that pure polymer exhibits an endothermic peak approximately at 112.9 o C and glass transition temperature (T g ) at -77.5 o C. The T m of PE/ MMT-EA nanocomposites is slightly higher than that of PE. The T m of PE with 5%wt of MMT-EA is 116. 4 o C This is tentatively ascribed to the confinement of the polymer chains adjacent to the montmorillonite layers that prevents the segmental motion of the polymer chains [2] .
The observed decreasing of T g and increasing of T m for PE/MMT-EA nanocomposites is not observed in the case of nanocomposites based on PP and organo-modified montmorillonite. During the analysis of PP/MMT-EA nanocomposites no changes have been noted. Figure 3 shows the TGA and DTG curves for unmodified (MMT) and modified montmorillonite (MMT-EA) which were used in this work. It is apparent from this study that there is a significant variation in the initial degradation temperatures. For the natural clay an initial weight loss between 20 and 200 o C is observed due to residual water. There was also a decomposition between 400 and 600 o C what can be connected with dehydroxylation of the aluminosilicate [3] . For the MMT-EA weight losses at 100-300 o C are assigned to salt decomposition. The thermo-oxidative degradation of ammonium salts proceeds by a Hofmann reaction to give a product different from the amine, or an SN2 nucleophilic substitution reaction to produce the amine [8] . Also the presence of oxygen and metallic ions in the clay mineral structure can lead to catalytic reactions for further oxidative scission of alkenes, what was studied by Xie et al [11] .
The water content was also calculated and the results show that for the natural MMT content was much higher (5.1 wt%) than that for the MMT-EA sample (2.0 wt%), probably due to a reduction of a hydrophilic nature of the clay after modification.
It is well known that clay layers have good barrier action, which can improve the thermal stability of polymer/clay nanocomposites. But we have to remember that clay itself and the incorporated cations in the organoclay, due to Hofmann elimination reaction can catalyze the degradation of polymer matrixes and reduce the thermal stability of polymer/clay nanocomposites [12] . We can therefore summarize that the modified clay plays two opposite roles in the thermal stability of the polymer/clay nanocomposites. One of them is its barrier effect which should improve the thermal stability, and the second is the catalysis effect towards the degradation of the polymer matrix which would decrease the thermal stability. The thermal stability of polymeric materials is usually studied by thermogravimetric analysis (TGA). The weight loss due to the formation of volatile products after degradation at high temperature is monitored as a function of temperature. The most important parameters which are taken into consideration include the onset temperature of the degradation (which is measured at 5% and 10% of the weight loss of the sample) and the 50% degradation temperature. Figure 4a and Figure 4b show the TGA analysis of PE and the PE/MMT-EA nanocomposites with 1.5, 3 and 5% MMT-EA contents under air and nitrogen flow respectively. In Figure 4a can be observed that the PE/MMT-EA nanocomposites showed delayed decomposition compared to PE. The initial thermo-oxidative decomposition temperature for all PE nanocomposites is significantly higher than for the virgin PE. The decomposition temperature at 50% weight loss of the virgin polyethylene is about 391 o C, and the PE/ MMT-EA nanocomposites containing 1.5, 3 and 5 wt% organoclay occurred at 404, 434 and 440 o C respectively (Table 3) . This corresponds very well with previous investigations. MMT-EA possesses high thermal stability and its layer structure exhibits great barrier effect to stop the evaporation of the small molecules generated in the thermooxidative decomposition process [12] . When the heating was performed under an inert gas flow, a non-oxidative degradation occurred (Figure 4b) . The process for neat PE and for the PE/MMT-EA nanocomposites was similar (Table 3) . Figure 5a represents the TGA analysis of a PP/MMT-EA nanocomposite, compared with virgin PP when the analyses were conducted under air flow. It shows that the thermal stability of the nanocomposite is enhanced in comparison with that of pure PP. The most likely explanation is that higher decomposition temperature of the or- gano -modified montmorillonite allows for the formation of char at an earlier time in order to retain the PP. In the case of organo-clay, char formation occurs earlier and can be broken up by the time in which the polymer degrades. The nanocomposites based on PP exhibit different decomposition temperature increase at 50% weight loss ranging from 19 to 38 o C (Table 3 ). The shift of the degradation temperature may be ascribed to a decrease in oxygen and volatile degradation products permeability/diffusivity due to the homogeneous incorporation of clay sheets, to a barrier of these high-aspect ratio fillers, and char formation.
The thermal stability of PP and PP/clay nanocomposites tested by TGA in nitrogen atmosphere are shown in Figure 5b . The decomposition of the PP matrix in nanocomposites were similar to that of neat PP. For all nanocomposites with PP matrix the decomposition achieved a maximum rate at about 475 o C. It is clearly seen that the increase in the onset of decomposition occurs for nanocomposites at low filler content when the heating takes place in air atmosphere. In our research this phenomenon can easily be observed in the case of a filler content of 1.5 wt.% for PP/MMT-EA nanocomposites and of 3 wt.% for PE/MMT-EA, when intercalating an organoclay is well compatible with the polymer. This is another very much desired characteristic of nanocomposites in which the thermal properties' improvement corresponds with a low filler content, often making the obtained material cheaper, lighter and easier to process than more conventional microcomposites. Another key factor that may determine the extent of the thermal stabilization in nanocomposites could also arise from the actual nature of the thermal degradation mechanism, often different from one polymer to another. Without any doubt, the chemical nature of the studied polymeric material and its degradation mechanism play an important role here. It can be seen that not only the content of the nanofiller has influence on thermal stability of the researched materials but also dispersion and the morphological structure is important. For this reason, thermal stability of the PE-and PP-based nanocomposites depends on difference in chemical [8] .
CONCLUSIONS
The scope of this research was to examine the formation of new organic-inorganic nanocomposites and their structure and thermal properties.
Modification process of MMT exhibits a increase of d-spacing of MMT layer which results in good compatibility with polyolefins.
The X-ray results revealed significant information that PE/MMT-EA and PP/MMT-EA nanocomposites, prepared by melt intercalation of polyolefins in the presence of a reactive organofilic clay, represent exfoliated type of structure.
The exfoliation of clay leads to an improved thermal stability of the nanocomposites. The higher onset decomposition temperature of depicted nanocomposites can be the result of chemical interaction between the polymer matrix and the clay layer surface during thermal degradation. In the presence of MMT layers strongly interacting with polymer matrix the motions of polymer chains are limited. This effect brings additional stabilization in the case of polymer/ MMT nanocomposites. These improved properties are generally attained at very low filler loading (1.5 wt%). For these reasons, they are competitive with other materials for specific applications.
Generally, we can conclude that the thermal stability of polymeric nanocomposites containing modified MMT is related to the organoclay content and dispersion.
